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Introduction 

In 2007, the United States consumed 42.09 quadrillion BTUs of electrical energy 

and produced 6 billion metric tons of carbon dioxide.  With electricity demand expected 

to increase by 26 percent by 2030 (1) and associated carbon emissions becoming more 

expensive due to probable cap and trade legislation, the United States will need cheap, 

reliable, “carbon-free” energy generation technologies to play an increasing role.  It will 

require a combination of energy efficiency, increased renewable generation, and 

expanded nuclear power to meet projected demand and, at the same time, achieve 

mandated carbon dioxide (CO2) reduction goals. As the source of 70 percent of “carbon 

free” electricity generation in the U.S. today, nuclear energy could be poised to play an 

important role in America’s energy future.   

Yet, the future of nuclear power in the United States remains uncertain.  Current 

nuclear waste management, as dictated by the Nuclear Waste Policy Act (NWPA), directs 

that spent nuclear fuel SNF resulting from a “once-through” fuel cycle in light water 

reactors (LWR) be stored in the Yucca Mountain deep geologic repository.  The Obama 

administration has recently indicated that it views the Yucca Mountain site as unsuitable 

and wishes to explore other options.  One of the other options is to close the nuclear fuel 

cycle through the reprocessing and recycling
1
 of SNF.  The possibility of closing the fuel 

cycle is receiving special attention because of its ability to minimize the final high level 

waste (HLW) package as well as recover additional energy value from the original fuel.  

The technology is, however, still very controversial because of the increased cost and 

proliferation risk it can present.   

To lend perspective on the closed fuel cycle alternative, this article chronicles the 

current role of nuclear power in the United States’ energy mix, the history and 

development of nuclear power, and current “once-through” technologies.  The article 

then presents the arguments for and against closing the fuel cycle with respect to 

sustainability, proliferation risk, commercial viability, waste management, and energy 

security.            

                                                 
1
 Although the terms reprocessing and recycling can be used ubiquitously, in this document reprocessing 

will represent the chemical separation and treatment of SNF and recycling will refer specifically to the 

burning of that reprocessed fuel package in a nuclear power reactor.   
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The Role of Nuclear Energy in meeting the US’s Energy Challenges 

Contributing Towards Expected Growth in Energy Demand 

For the past decade, about 20 percent of the electricity in the United States has 

been generated by 104 nuclear power plants located in 39 states across the country (1).  

Electrical power generation demands are expected to grow 26 percent by 2030 (2). To 

maintain a generating capacity 

equivalent to 20 percent of total 

U.S. electricity use will require the 

U.S. to construct as many as 50 

new 1000 megawatt (MWe
2
) 

nuclear plants in the next decade.  

In addition to the 50 new plants that 

will needed to meet the anticipated 

increase in demand, additional new 

reactors will be required to replace 

the current, aging reactor fleet.  

Most reactors currently operating 

have reached the end of the 40 year operating license they were initially issued by the 

Nuclear Regulatory Commission (NRC).  Many of these plants have or will apply for 20 

year license extensions, but will reach the end of their safe operating life in the next few 

decades (5).  To maintain generating capacity, more than 100 new reactor facilities will 

have to be licensed and constructed by 2030 to replace the again reactors.  While the 

current operating fleet was constructed in approximately 20 years, achieving this rate of 

growth today will be difficult and will take a coordinated and dedicated effort from 

government and the private sector.      

                                                 
2
 MWe = megawatt electricity and represents the electric output of a power plant in megawatts. The electric 

output of a power plant is equal to the thermal overall power multiplied by the efficiency of the plant. The 

power plant efficiency of light water reactors amounts to 33 to 35%. 

Figure 1.  U.S. Electrical Power Industry Net Generation, 

2007.  Source: Energy Information Administration.  Electric 

Power Annual 2007 Review.    
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The Role of Nuclear Energy in Reducing Greenhouse Gas Emissions 

Electrical energy generation in 

2008 produced about 2,400 million 

metric tons of CO2, more than any 

other sector in the U.S (3, 4).  The 

Intergovernmental Panel on Climate 

Change’s consensus on the global 

warming impact of carbon dioxide has 

lead to concern about finding ways to 

limit greenhouse gas emissions and 

mitigate the effects of a changing 

climate.  Nationally, this interest has 

lead to the possible introduction of a 

carbon cap and trade system that 

would establish a projected CO2 

reduction timeline and place a price on 

CO2 emissions that exceed those limits (5).  To achieve the targets for reduction now 

being considered by Congress, the United States will need “carbon-free”
 3

 energy 

generation technologies that are available on a realistic timescale.   

Nuclear energy is currently the source of 70 percent of “carbon-free” electricity 

production.  Maintenance of nuclear power’s 20 percent electrical energy stake would 

represent an additional 27 gigawatts (GWe) of generating capacity, which would displace 

from 100 to 400 million tons of CO2 emissions compared to if that electricity had instead 

come from new natural gas or coal fired plants, respectively.  This represents about 10 to 

40 percent of President Obama’s mid-term (2020) carbon reduction goal of 1 gigaton (7).   

                                                 
3
 “Carbon-free” in this context means no carbon emissions due directly to energy generation; it does not 

account for life-cycle related emissions in plant construction and materials.   

Figure 2.  Carbon Emissions by Direct Fuel Use Sector for 

1990 to 2008.  Source: Energy Information Administration, 

preliminary estimate for 2008. 



 5 

0
100
200
300
400
500
600
700
800
900

1000

P
V

W
in
d

N
uc

le
ar

H
yd

ro

N
at
ur

al
 G

as

C
oa

l

C
a
rb

o
n

 D
io

x
id

e
 E

m
is

s
io

n
s

 [
g

C
O

2
/k

W
e
-h

]

     Nuclear power also has the 

capacity to reduce emissions compared to 

other “carbon-free” sources on a life-cycle 

basis.  A recent German study concluded 

that the environmental impact of nuclear 

power, including mining, transportation, 

enrichment, and use, presented one of the 

lowest carbon footprints of all electricity 

generation resources, second only to that 

of wind turbines.  In addition, other 

renewable technologies, such as wind and 

solar, are very space intensive.  For 

example, in order to generate 20 percent of 

the nation’s electricity with wind would require a land area the size of West Virginia (8). 

Another important distinction is the type of power produced from these different sources 

of renewable energy.  Solar and wind provide distributed generation sources that, 

currently, are intermittent and unreliable.  Nuclear, on the other hand, provides a scalable, 

base load power source.   

Ultimately, all form of energy generation will be needed to meet the needs of our 

future energy system.  Nuclear is not the only solution to climate change and climate 

change is not the only reason we should build nuclear reactors.  What is important is what 

is going to be the most economical to build for a new generation of energy generation 

that is focusing on environmental impact and energy security. 

Figure 3.  Life-Cycle Carbon Dioxide Emissions in 

grams per kWh of electricity produced by 

generation fuel source.  Source: Comparison of 

Greenhouse-Gas Emissions and Abatement Cost of 

Nuclear and Alternative Energy Options form a Life-

Cycle Perspective, Oko-Institut.   
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The Impact of Nuclear Energy on the Cost of Energy 

Nuclear power is currently the lowest cost option for new, low carbon electricity 

generation resources, as shown in the table below.  
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Figure 4.  Estimated Levelized Cost of New Generation Resources in 2016.  Reported in 2007 dollars per 

megawatt-hour (MWh).  Source: EAI, 2009 Annual Energy Outlook.     

The higher price of nuclear compared to conventional coal and natural gas is due 

mostly to the large capital costs associated with unique reactor construction, which are 

compounded by delays in the licensing process (6).   In a base case scenario, nuclear power is 

typically about 6 to 13 percent more expensive than generation using coal or natural gas.  

Higher costs are due in large part to increased insurance rates for new nuclear plants because of 

their large and unreliable capital costs.   

  The introduction of a charge associated with carbon emissions, such as the cap and 

trade program proposed in the House Climate Bill (5), would increase the cost competitiveness 

of nuclear power.  The recently released Update to a study conducted by MIT on the 

economics of nuclear power found that a cost as low as $5 to $15 per ton CO2 was enough to 

produce favorable economics for nuclear plants (6).   

Nuclear energy could also help stabilize the cost of electricity by reducing the United 

States’ dependence on volatile natural gas prices.  Although nuclear requires a larger initial 

investment, its long-term fuel costs are smaller and more predictable than other generating 

technologies.   
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History of Nuclear Power in the United States 

This history of nuclear energy in the United States has been inconsistent, plagued by 

changing political and public opinions that effect policy and funding.  As the chart below 

illustrates, the nuclear industry had achieved steady growth year after year in the face of these 

political challenges until the 1980’s, when concerns about waste management and proliferation 

saw several reactors decommissioned, resulting in the current total of 104.  If nuclear energy is 

to remain an important part of the US electrical energy portfolio, it is important that a 

sustainable and consistent solution for waste management be found.     
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The Nuclear Fuel Cycle 

The nuclear fuel cycle can be divided into three sections; the front end where 

uranium ore is processed into fuel assemblies for use in nuclear reactors, electricity 

production by fission of the nuclear fuel in nuclear power plants, and the back end of the 

fuel cycle which includes the disposition of spent nuclear fuel (SNF) either by direct 

disposal or by reprocessing the spent fuel assemblies and recycling certain constituents to 

the front end. 

The United States currently practices a “once-through” fuel cycle where SNF is 

stored in interim storage vessels, typically pools or above ground dry casks, ultimately 

destined for permanent storage in a deep geologic repository, such as Yucca Mountain.   

The other option for disposing of SNF is by a closed fuel cycle.  Closing the 

nuclear fuel cycle first involves reprocessing the SNF to extract the residual fissile 

materials from the “poisons” and other undesirable material.  Typically SNF still contains 

about 95 percent of the original energy content in the fuel, which through reprocessing 

can be separated and recycled in another thermal nuclear reactor.  The remaining fission 

products are disposed of as high level waste 

(HLW), which is vitrified in glass to create a 

simplified waste stream for handling and 

disposal in a geologic repository.  This 

version of a closed fuel cycle is achieved, as 

in France, through the aqueous separation of 

uranium and plutonium, by a method called 

Plutonium Uranium Extraction (PUREX).  

Some of the separated uranium is recycled 

with plutonium to form a mixed oxide fuel 

(MOX) that can be loaded into LWRs for 

recycling.  The balance of the uranium is 

called reprocessed uranium, which must be re-enriched to be manufactured into uranium 

fuel assemblies.   

Figure 5.  Main Components of a Spent Nuclear 
Fuel Assembly from a conventional LWR and 
possible uses in a reprocessing fuel cycle.  



 9 

More advanced aqueous separation methods that involve more steps have been 

developed, though never deployed, to remove additional transuranic elements for 

fabrication into fuel for use in fast reactors.    

 Considerations in the Decision to Close the Nuclear Fuel Cycle 

If nuclear energy continues to play an important role in U.S. electricity generation, 

a sustainable path forward must be found.  As we consider a closed versus open fuel 

cycle, there are a number of issues that will affect the ultimate decision.  Many studies 

find a closed fuel cycle presents important benefits for sustainable resource utilization, 

energy security, and waste management, but is currently more expensive than a 

traditional once-through fuel cycle.  Also, there is concern about the proliferation risk of 

reprocessing nuclear fuel.  There are important assumptions that support or negate each 

of these arguments and lead to opposing conclusions.  The following section will attempt 

to outline the arguments that surround each of these issues and the assumptions that 

underlie the differing conclusions.          

Closing the Nuclear Fuel Cycle and Nuclear Energy’s Sustainability 

In Japan, “spent fuel is not waste, but an energy resource,” explains Hiroshi 

Fujihara, the Chief Representative of Federation of Electric Power Companies of Japan 

(FEPC).  This statement reflects the important opportunity for increased resource 

utilization offered by reprocessing.  Reprocessing SNF into MOX fuel for LWRs can 

decrease the amount of fresh uranium ore used annually by 25 percent.  In addition, a 

single recycling of plutonium increases the energy derived from the original uranium by 

some 12 percent.  If the reprocessed uranium is also recycled by re-enrichment, the 

amount of energy recovered from the original uranium fuel is increased by as much as 20 

percent (10).   

Increased energy utilization is beneficial because of concerns about the potential 

rising cost of uranium ore as resources become scarce.  However, recent reserve 

estimates have been growing faster than projected demand.  Expected uranium reserves, 

both domestic and foreign, are estimated at about 13 million metric tons available for 

about $130 per kg or less, which will continue to provide fuel for 50 to 100 years with 

current growth scenarios.  When undiscovered reserves and expected total ore resources 



 10 

at current prices are accounted for, the supply extends to 1500 years.  If undiscovered 

resources and uranium in seawater are added to this total, the supply of uranium becomes 

nearly inexhaustible.  In fact, it has been argued that nuclear power using breeder reactor 

technology should be considered a renewable energy technology as it could provide 

energy to the earth for the next 5 billion years with current uranium stores (11).      

Prices for uranium have increased six fold domestically and more than four fold 

internationally since 2003 (9), resulting from supply gaps.  These gaps occur because the 

extraction and processing capability cannot keep up with demand.  Supply gaps are 

currently being met with secondary supplies from weapons stockpiles.  There is concern 

that prices will continue to rise as more and more countries move to monopolize on the 

current reserves.  If this trend continues, rising uranium prices associated with scarcity 

could become an issue as early as mid-century (12).  Thus, the question for future nuclear 

fuel supplies is not will we run out of uranium for reactor fuel, but what will be the most 

economical reactor fuel.  While there is little worry around the existence of future 

uranium reserves, recycling may provide another resource for nuclear fuel to protect 

against market volatility (10) 

Reprocessing can also contribute to increased energy security, from decreased 

reliance on fossil fuels and increased domestic energy sources.  While coal and natural 

gas are both largely domestic 

resources, they can be 

affected by volatile price 

fluctuations.  Since fuel costs 

are such a small portion of 

total cost of electricity from a 

nuclear power plant, nuclear 

in much less effected by 

fluctuating fuel costs.  This 

makes the cost of nuclear 

generated electricity much 

more reliable.  
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Figure 6.  Foreign Imports of Uranium by Country for Civilian Nuclear 

Power Plants Operating in 2008.  Source: Uranium Marketing Annual 

Report.  EIA.  Released: May 26, 3009.   
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However, currently uranium cannot be considered a domestic fuel source.  The 

nuclear power industry in the United States relies on uranium mined from Australia, 

Russia, Canada, Namibia, Kazakhstan, Uzbekistan, as well as other foreign and domestic 

sources.  The main suppliers are shown in Figure 6.  Reprocessing SNF could provide a 

reliable and domestic source of nuclear fuel.   

Closing the Nuclear Fuel Cycle and Nuclear Energy’s Environmental Impact 

The key environmental concern with respect to nuclear power generation is the 

production and disposal of radioactive waste products.  The current reactor fleet in the 

United States generates 2,100 to 2,400 tons SNF per year.  Over the more than 50 year 

history of nuclear energy generation, the industry has generated and currently stores 

58,000 tons of SNF (10).  In the absence of a permanent storage solution, the SNF is 

currently stored at reactor sites in pools or dry casks.  In pool storage the SNF is kept in 

steel-lined, concrete pools filled with water or boric acid, which acts as a natural barrier 

for radiation from the used fuel.  In above ground, dry cask storage, the SNF is kept in 

airtight canisters made of steel, steel-reinforced concrete or steel-enclosed concrete.  

Through diligent monitoring and maintenance of safety systems, the NRC has ensured 

safe and secure storage of the spent fuel at these interim locations for the next century.  

However, these solutions were originally meant to serve only temporary storage 

requirements and are costly to electricity consumers.  Each year of delay in the federal 

program for removing used nuclear fuel from reactor sites will add an estimated $1 

billion in temporary storage costs (13). 

As part of the Nuclear Waste Policy Act, the DOE is responsible for removing 

this fuel from utility sites for final disposal.  The utilities fund this effort through the 

Nuclear Waste Fee, which charges utilities 1/10 of a cent per kWh produced.  This fund 

increases in value $750 million per year, however, the DOE has yet to remove any 

waste from a utility site (10). 

Technologically, HLW storage facilities are implementable today at the scale 

required.  The Yucca Mountain facility has undergone extensive tests and certifications 

to be ready to license in 2008 and begin operation in 2017.  However, political 

opposition has held up licensing and now may force the site to be abandoned altogether.     
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Reprocessing is seen as beneficial because it can greatly reduce the volume and 

radioactivity of HLW destined for final disposal.  With recycle of reusable fuel in 

thermal reactors, the volume of HLW that must be stored in a repository can be 

decreased by a factor of 4 to about 11 cubic feet per ton of original fuel (14).  For 

continued maintenance of 20 percent of electricity generation, a once-through system 

would require 3 to 4 disposal facilities equal to the capacity of Yucca Mountain over the 

next century.  Yucca Mountain, as licensed, would have reached capacity by 2011, even 

with no additional nuclear activity (10).  Recycling eliminates the need for another 

Yucca-size repository in this century.   

Reprocessing also has the potential to decreases the heat load on the repository by 

eliminating the most heat producing elements, specifically plutonium, neptunium, and 

the minor actinides (Americium and Curium).  Removing the most troublesome 

components greatly simplifies the waste stream characteristics and allows the waste 

product to be vitrified in glass, which gives a homogenous, compact, and secure unit for 

long term storage.  By removing these heat producing elements, the heat load on the 

repository is decreased, but also continues to decrease much faster than in traditional 

once-through storage.  Thus, the timeframe of long-term storage can be significantly 

decreased from hundreds of thousands of years to a few thousand of years (15).   

To achieve the optimized waste characteristics mentioned above requires fast 

reactors capable of burning down the heat generating elements that were removed in the 

separation step.  If actinides are left in the vitrified HLW product and only the re-usable 

uranium and plutonium are removed for MOX fabrication, as is the practice in France 

today, the waste would still require over 10,000 years of storage before reaching the 

toxicity level of natural uranium, as shown in the graph below.   Transmutation in fast 

reactors would reduce the toxicity of used nuclear fuel to that of natural uranium ore 

within a few centuries. It would take used fuel straight from the reactor 300,000 years to 

reach a comparable level of radiotoxicity (18).   
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Figure 7.  Radiotoxicity curve showing the decline of toxicity over time for spent fuel without 
reprocessing, vitrified waste after preprocessing, and waste after full closure of the fuel cycle.  Source: 
Advisory Committee on Nuclear Waste and Materials, NRC.  2007.   

Many maintain that fast reactor technology is still decades into the future and the 

current system of PUREX/MOX recycle
4
 would have operate at extremely high 

efficiencies to achieve any real reduction in HLW volumes (18).  

While reprocessing can significantly decrease some of the major complications of the 

HLW package destined for permanent geologic disposal, there are serious criticisms 

about the total amount of radioactive waste the process produces compared with 

burying the spent nuclear fuel after its first use.  With the additional solvent scrubbing 

waste streams, the amount of low level waste (LLW) generated is greatly increased.  To 

address this, improvements have been made to the separation process to achieve near-

zero aerial and liquid discharge capability, meaning all solvent streams are recycled and 

all gaseous radioactive elements are captured and stored.  In addition, research is 

progressing on a non-aqueous pyroprocessing technique
5
 that would greatly simplify 

the recycling process and reduce the amount of LLW produced.   

In addition, these improvements in separations facilities over the years have 

occurred in response to concern about the environmental impact of some low level 

                                                 
4
 This is the system currently used in France where a PUREX-like separation scheme is used to separate 

uranium and plutonium, which is fabricated into MOX fuel that is burned in LWRs.   
5
 This technique uses an electric potential to separate the elements in a liquid salt solution and is also called 

“electrometallurgical” processing 
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radioactive discharges.   Such improvements have greatly reduced the environmental 

impact of operating facilities, bringing radioactive emissions to less than ambient levels 

at the La Hague facility in France (16).  However, much of this waste is greater than 

class C (GTCC) waste, which does not have an established disposal route in the US 

(10).  Industry claims GTCC waste is similar to remote handled transuranic waste (RH-

TRU) generated by defense activities and could be disposed in a similar manner.  RH-

TRU waste is currently disposed of in the Waste Isolation Pilot Plant (WIPP) in New 

Mexico (17). 

Closing the Nuclear Fuel Cycle and the Risk of Nuclear Weapons Proliferation 

Another key concern associated with nuclear power is that of nuclear weapons 

proliferation.  Nuclear fuel consists of uranium enriched from natural abundance (0.7 

percent U-235) to 4 to 5 percent for commercial use.  This is far below minimum of 20 

percent necessary for weapons use.  The nuclear industry has maintained interim storage 

of SNF for 50 years with no proliferation incidents and it is expected that moving to long 

term storage will decrease the proliferation risk because of increased physical barriers to 

access (7).   

Reprocessing has been cited as increasing the proliferation risk associated with 

civilian nuclear power activities because with PUREX technology plutonium is separated 

independently, which can then be diverted and used to make nuclear weapons.  This 

concern has been the motivation for many new developments in separation systems that 

are designed to prevent the separation of pure plutonium, such as NUEX, COEX
TM

, the 

UREX suite, and pyroprocessing.  In these systems, plutonium is separated with fission 

products, uranium, neptunium, or a combination of these before fabrication as a recycled 

fuel.  However, a recent DOE report on the proliferation resistance presented by these 

new separation methods found that the alterations do not affect the proliferation 

resistance of the system, as defined by an attractiveness level for use to manufacture a 

nuclear weapon.  This is partly because regardless of the particular separation technique, 

reprocessing removes fissile material, plutonium and uranium, from all or almost all of 

the highly radioactive fission products.  These highly radioactive fission products provide 

a protective barrier against theft or diversion of plutonium in spent nuclear fuel (20).   
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However, as with uranium, weapons-grade plutonium typically contains greater 

percentage of the fissile plutonium-239, 90 percent, than that found in reprocessed 

plutonium, usually less than 60 percent.  So while the presence of other components in 

the plutonium stream do not greatly decrease the proliferation resistance of the fuel 

product, that stream is actually very difficult to use to produce a nuclear weapon.  NRC 

Commissioner Dale Klein asserts that the probability of producing a nuclear weapon 

from SNF outside the U.S. occurring in the future is very small because of the 

technological difficulties associated with such a process (21).   

An additional proliferation safety measure being emphasized in current designs is 

Materials Protection, Control and Accounting (MPC&A), which can help monitor spent 

fuel and separated elements to prevent their diversion.  The NRC, the International 

Atomic Energy Agency (IAEA), and the DOE all believe that effective tracking and 

maintenance can occur and that reprocessing in the United States will not increase the 

risk of proliferation.  The U.S. has weapons grade stockpiles of plutonium and weapons 

that we effectively guard and it is probable the same protection could suffice for a less 

attractive nuclear waste stream (21).   

In addition, reprocessing offers the opportunity to reduce the amount of stored 

fissile material overall, by allowing for use of decommissioned nuclear weapons and off-

specification uranium in reprocessed fuel (10).  The SNF currently stored on reactor sites 

and international weapons stockpiles are also a proliferation concern.  Reprocessing 

allows the still fissile uranium and plutonium to be burned up and those fission products 

left in the fuel to be stored in a vitrified glass container, making future utilization of those 

materials much more difficult (18). 

The greatest threat to proliferation comes not from the separated material, but 

from the spread of enrichment and reprocessing technology.  Reprocessing technology 

allows a state to domestically create the materials necessary to produce a nuclear weapon.  

Effective safeguards to meet IAEA criteria
6
 for non-proliferation cannot be met in non-

                                                 
6
According to the IAEA, “the objective of safeguards is the timely detection of diversion of significant 

quantities of nuclear material from peaceful activities to the manufacture of nuclear weapons or of other 

explosive devices for such purposes unknown, and deterrence of such diversion by the risk of early 

detection.” IAEA, INFCIRC/153.   
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weapons states.  Thus, some maintain that use of reprocessing technologies in the U.S. 

sets a precedent for use in other countries.  This was the opinion that originally led to the 

U.S. abandonment of a reprocessing program by President Carter in 1977.  From this 

point of view, the once-through fuel cycle provides the greatest degree of proliferation 

resistance because it does not require the advanced reactor technologies that could be 

misused to create nuclear weapons or the separation of pure plutonium, such as in 

reprocessing (6). However, it is clear that the U.S.’s opposition to nuclear power has not 

deterred any other countries, as France, Japan, China, Russia, India, and Britain all have 

active and growing nuclear programs. 

Establishing a nuclear fuel reprocessing program could allow the U.S. to become a 

leader in this arena and take a more active role in the maintenance and accountability of 

civilian nuclear capability across the world.  In addition, expansion of safeguards 

surrounding monitoring and control of SNF and reprocessed fuel represents an important 

opportunity for international cooperation.  By developing reprocessing technology, the 

U.S. could take an active role in enhancing a culture of non-proliferation globally (10).    

Enhanced international cooperation on the nuclear issue will re-appraise and 

strengthen the institutional underpinnings of the IAEA safeguards regime and guide the 

nuclear fuel cycle development in ways that promote shared nonproliferation objectives.  

Thus, many believe that if proliferation risk analysis and mitigation measures are adopted 

as part of any closed fuel cycle program, it has the possibility to decrease and help 

control any proliferation concerns.       

Closing the Nuclear Fuel Cycle and Nuclear Energy’s Commercial Viability 

 Most studies agree that once-through storage in a designated repository, of one 

can be found and commissioned, is the least expensive option for the back end of the 

nuclear fuel cycle.  However, there is a large degree of uncertainty surrounding the future 

costs of nuclear fuel disposal and reprocessing.  Proponents of reprocessing maintain that 

recycling of nuclear fuel can be accomplished for just an additional few cents per kWh to 

the consumer and that the benefits, such as increased energy recovery and better waste 

management, outweigh the small additional cost.  In fact, some industry representatives 
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assert that fast reactor technology has the potential to be cost competitive with current 

coal and natural gas plants.   

Estimates for new Generation III+ LWRs that will be built range from $2,000 to 

$4,000 per kWe in overnight costs
7
.  The large degree of variability in the estimates 

results from different assumptions about cost escalation and interest rates associated with 

the perceived riskiness of the project.  The large capital costs
8
 of new nuclear power 

reactors, as well as the construction delays and cost over-runs that have historically 

plagued the industry make lenders hesitant to invest in new nuclear projects.  Wall Street 

investment banks have stated that they would not fund nuclear plants without federal loan 

guarantees (22).  These uncertainties and average costs both increase with advanced 

reactor technology.  In a reprocessing scenario, initially investments will have to be made 

in first-of-a-kind (FOAK) technology deployment for the first recycling facilities that 

utilize new separation or fast reactor technologies, further increasing costs.  However, 

these costs could decrease rapidly due to lessons learned from the first facilities.   

After reprocessing, burning the fuel in a nuclear reactor gives another possibility to 

recover energy and gain revenue from SNF.  Still, the cost of nuclear energy with recycle 

is more expensive than that of a once-through cycle.  An MIT study recently found 

reprocessing fuel cycle costs to be 4.5 times that of a once-through fuel cycle.  Taking 

account of the ratio of MOX fuel to uranium oxide (UOX) fuel in the entire fleet, the 

study found an increase in fuel cycle costs of $2.8 per MWh (6), equivalent to a 50 

percent increase in the cost of electricity.  This is consistent with international 

experience, as the French report an increase in the cost of electricity of $2 to $4 per MWh 

for thermal recycling.  Other studies project a less significant increase.  Multiple DOE 

and national lab studies have found that recycling will increase fuel cycle costs by only 

10 percent (23).  Most industry representatives optimistically maintain that recycling 

could be accomplished with an increase of only 1.8 percent in total operating costs (10).  

The differences in estimates stem from conservative versus optimistic assumptions about 

the capital cost to build reactors, price escalations during construction time, and 

                                                 
7
 overnight costs refers to the cost if the project could be completed “overnight” and does not account for 

increased costs due to inflation during the construction period.   
8
 All capital costs listed as overnight costs for comparison 
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construction time, especially for FOAK technology.  If future recycling facilities are built 

on schedule and on budget, they very well could increase costs as little as 10 percent.  

However, nuclear’s track record does not lend confidence to such a scenario (22).     

Since capital costs represent such a large portion of the total cost of electricity, 

these factors often eclipse other important contributors to variability that may produce 

differing results, namely the cost of uranium associated with mining and milling 

operations and the cost of a spent nuclear fuel repository.  With the additional cost of 

$450 per pound heavy metal separated
9
, reprocessing technology will not be competitive 

until the price of natural uranium exceeds $160 per pound (24).  Currently, reprocessed 

uranium (RU) is not competitive with freshly mined uranium and thus is stored and 

stockpiled in the countries that practice reprocessing, awaiting a time when the economic 

situation is more favorable for RU fuel (16).  Some estimates more favorable to a 

reprocessing scenario assume high prices for future mined uranium, making reprocessing 

seem more economically attractive.    

Most studies estimate the costs of the repository based solely on the Nuclear Waste 

Fee assessed utilities on a per kWh basis, currently one mill
10

 per kWh.  The amount 

currently collected, $29.6 billion as of December 31, 2009, is not sufficient to cover the 

cost of the Yucca Mountain facility, $96.2 billion as announced in 2008 by the DOE’s 

Office of Civilian Radioactive Waste (OCRW), which oversees the project (25).  Since 

the United States has not yet been able to find a sustainable solution to the issue of 

ultimate disposal of HLW and has already spent $13.5 billion dollars researching Yucca 

Mountain repository, this budget shortfall could increase further, resulting in increased 

repository costs even for the first repository, without accounting for the several that will 

be required over this century with continuance of a once-through fuel cycle.  As a result, 

repository costs will most likely be much higher than those estimated here, which could 

favor a recycling solution as well.            

Taking a conservative cost estimate for the total cost of electricity (TCOE) for a 

once-through versus a recycle program, as found by a laboratory consortia for the DOE 

                                                 
9
 Ton heavy metal (tHM) is the weight of spent nuclear fuel, excluding cladding and hulls, which will be 

separated.  It is named as such because most of the constituents are heavy metals.    
10

 One mill is equal to 1/10 of a cent.  
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early this year, a once through fuel cycle was estimated as $46 per MWh while a 

recycling program increased the cost to $52 per MWh.  In both cases the TCOE values 

ranged from about $30 to $80 per MWh (23).  While large uncertainties exist, a once-

through system benefits from the use of less risky LWR technology and therefore 

represents a lower interest rate and lower capital investment than any reprocessing fuel 

cycles.   

Risk is an important factor in construction of nuclear facilities, as high costs are in 

large part due to the higher risk premium of nuclear plants.  This stems from high and 

unreliable capital costs of new nuclear construction.  Nuclear plants typically carry a risk 

premium of 10 percent compared to 7.8 percent for coal and natural gas plants.  Some 

believe that if the higher risk premium can be decreased, nuclear life-cycle costs could 

become competitive with coal and natural gas even in the absence of a carbon emission 

charge. 

The nuclear industry has attempted to address this issue by building fast reactors 

that are smaller and thus require less up front capital and are less risky.  GE-Hitachi 

claims that their new Power Reactor Innovative Small Module (PRISM) SFR design, 

they can produce electricity for $46 per MWh for NOAK plants, competitive with current 

the LWR fleet and other electricity generation sources (26).  However, opponents find 

fault with this proclamation because the technological advancements necessary to 

implement even one fast reactor, much less the seventeen required to reach GE’s NOAK 

status, may not be achievable in this century, if ever.       

Another important economic consideration is the economic revitalization a nuclear 

facility can bring to a specific region.  Areva Inc., a major nuclear supplier who has built 

most of France’s nuclear facilities, found that the major French reprocessing locations 

provide about 11,000 jobs for their local economies.  In the US, Areva has hired 600 new 

employees in the US last year and expects to hire the same amount this year.  In fact, 

compared to other electricity generation facilities, new nuclear plant development will 

create the highest number of man-hours per megawatt of capacity installed for 

construction, ongoing operations and maintenance (10).   
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Conclusion 

 Nuclear energy is an important part of the current US electricity infrastructure, 

generating 20 percent of current domestic electricity needs, and is poised to play an even 

greater role as national attention is turned towards decreasing carbon emissions.  Nuclear 

power is also the least expensive low-carbon technology and can be competitive with 

coal gas in some scenarios.  To maintain inexpensive, reliable electricity while decreasing 

carbon emissions, it is important that investment begin today in rebuilding the nuclear 

infrastructure and licensing new reactors to meet future electricity demand.  However, the 

future of nuclear energy in the United States is at a crossroads.  The NWPA, as currently 

legislated, gives responsibility to the DOE for removing SNF from reactor sites and 

disposing of it in Yucca Mountain.  As Yucca Mountain has been deemed unsuitable by 

the current administration, another solution for nuclear waste management must be 

found.   

There are two fundamentally different paths for addressing the current and future 

SNF generated by the US fleet of nuclear power plants.  These are; continuance of the 

current US model of a once-through fuel cycle, where SNF is placed directly in a deep 

geologic repository for permanent storage, or a closed fuel cycle, where SNF is 

reprocessed and recycled to extract the still fissile material and permanently store only 

the non-recoverable fission products.  The NWPA as it exists today corroborates the 

current US model of a “once-through” fuel cycle, placing the waste directly into a deep 

geologic repository, once one is commissioned and built.  This option is often presented 

as less expensive than a closed fuel cycle utilizing reprocessing technologies.  Once-

through disposal is also thought to present less of a risk for proliferation of nuclear 

weapons because plutonium is never independently separated.  Conversely, a closed fuel 

cycle is thought to be beneficial because it allows the recovery of additional energy from 

the SNF and greatly reduces the volume and radioactivity of the HLW package destined 

for geologic disposal.  Ultimately, the issues of sustainability, environmental impact, 

weapons proliferation, and commercial viability for both scenarios must be weighed and 

a sustainable path must be chosen for the nuclear fuel cycle in the United States to ensure 

nuclear power continues to play an important role in future energy growth.     
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